S U M MARY Visual evoked responses have been elicited by reversal of a black and white checkerboard pattern and also by a display of light-emitting diodes (LED) generating a reversal of a pattern of illuminated red circular areas. In a control group the LED display produced responses of lower amplitude and shorter latency compared to responses to checkerboard stimulation. In patients with a definite or probable diagnosis of multiple sclerosis the stimulators were equally effective in evoking pathological responses; in patients with a possible but less certain diagnosis abnormal responses were found in a higher percentage when the LED stimulus was used. Differences in stimulus field size and in stimulus colour are discussed as possible reasons for this result.
Although the visual evoked response (VER) to flash stimulation may be changed pathologically in multiple sclerosis (Feinsod and Hoyt, 1975; Paty et al., 1976) , the diagnostic value of VER in demyelinating disease was considerably enhanced when Halliday et al. (1972 Halliday et al. ( , 1973 that tPe major positive wave of the response evoked by pattern reversal stimulation is delayed in a high percentage of patients with retrobulbar neuritis and multiple sclerosis. The original method used by Halliday involves the backprojection of a checkerboard pattern on to a semitranslucent screen via a rotatable mirror, and reversing is accomplished by sideways movements of one square width. Results with this method have been reported subsequently by several groups (Asselman et al., 1975; Regan et al., 1976; Chain et al., 1977; Matthews et al., 1977) . The checkerboard (Chb) pattern can also be presented on a television monitor (Bornstein, 1975; Arden et al., 1977; Hennerici et al., 1977 (Purves and Low, 1976; Bynke et al., 1977; Nilsson, 1977) . The present report deals with a direct comparison of results obtained with this LED stimulator and responses to a back-projected Chb pattern in a control group and in a series of multiple sclerosis patients.
Methods
The LED pattern reversal stimulator was built according to the description of Evans et al. (1974) . Table 2 . In spite of the much higher luminance of the Chb pattern, it was found that the LED display evoked responses with shorter latencies. This trend can also be seen in Fig. 2A , where VER latencies from a subgroup of 14 normal subjects studied with both methods have been plotted; most values fell below the line that indicates equal latency for LED and Chb methods. Differences in amplitude and shape of the responses to the two methods have been observed, and some of them can be seen in Fig. 1 There was no significant difference in mean latency between subjects younger than 40 years of age and those above that age.
MULTIPLE SCLEROSIS PATIENTS
The pattern reversal VER was studied in 38 patients with established or suspected diagnosis of multiple sclerosis based on clinical findings and cerebrospinal fluid examinations. The patients were divided into tlhree diagnostic categories according to the criteria of McAlpine et al. (1972) . A definite diagnosis of multiple sclerosis was considered as established in 19 cases, a probable diagnosis in nine patients, and a less certain but possible diagnosis in 10 cases. A history of one or more attacks of retrobulbar neuritis was reported in eight patients in the definite group and six patients in the probable group. In the possible group five cases had a slowly progressive paraplegia without other symptoms.
Patients with a history of visual disturbances such as strabismic amblyopia (Wanger and Nilsson, 1978) or cataract were not included in the study.
In Fig. 2 B-D the latencies of responses to stimulation with the two methods in the three patient groups are shown and can be compared with responses in the normal group shown in Fig. 2A . The number of delayed responses (latency above mean+3 SD) is listed in Table 3 , which also shows the number of cases where no response from one or both eyes could be observed. Such an absence of response was found monocularly in five cases and bilaterally in four cases with the LED stimulus, and in three and two cases respectively with the Chb pattern. If a delayed response or an absence of response in at least one eye is considered as abnormal, a pathological response was found in between 79% and 90% of patients with definite or probable multiple sclerosis. In these patients there was no significant difference between the two stimulus methods in their ability to evoke a pathological response. However, in patients with only slight multifocal symptoms or with a progressive paraplegia exclusively (possible multiple sclerosis), a greater frequency of abnormal responses was seen with the LED pattern than with the Chb pattern. The delays in latency were much greater in the definite and probable multiple sclerosis groups ( Fig. 2B and C sclerosis group (Fig. 2D) where most values lay just below or just above the upper normal limit. A side difference in latency above 6 ms was not seen in any of the patients with normal latencies for both eyes. The latencies obtained with the LED pattern can be directly compared with latencies of Chb responses in Fig. 2 . As mentioned above, the values for the control group fell below the line indicating equal latencies, which means that Chb pattern in almost all normal subjects produced slightly longer latencies than the LED pattern. In the patient groups with definite and probable multiple sclerosis this difference in latency was minimal. However, in the possible multiple sclerosis group most points were situated above the line of equal latencies, which means that for most of the eyes the LED pattern responses showed a slightly longer latency than responses to Chb pattern. As many of these responses had a latency in the vicinity of the upper normal limit, this partly explains why a higher percentage of pathological responses were found with the LED stimulus.
Fourteen patients had a history of retrobulbar neuritis. Thirteen of them had pathological responses with both stimulus methods, and only one patient showed normal responses with both methods.
Five patients among the possible multiple sclerosis cases had a progressive paraplegia as the only symptom. Two of these had normal responses with both stimulus methods, one patient showed prolonged latencies to both types of stimulus, and Halliday et al. (1973) and Matthews et al. (1977) who used a similar presentation technique but with a lower luminance of the white squares. The present mean latency value was, on the other hand, longer than that of Asselman et al. (1975) , their pattern being of higher brightness. These differences stress the need for each laboratory to collect its own normal reference values. In spite of the lower luminosity, the LED display produced VER with a shorter mean latency than the Chb stimulus. This must be because of the delay of 5 ms caused by the slew rate of the moving mirror. However, as the mean difference is about 3 ms the higher luminance partly compensates for this delay. The lower amplitude and the less sharp peak of the response to LED pattern may also be a result of the lower brightness of diodes, but the smaller total stimulus field may be an additional factor.
The Chb pattern is a more efficient stimulus than the LED display, and this makes it possible in some patients to distinguish responses (mostly with prolonged latencies) to stimulation of eyes that were unresponsive to the LED pattern. The less noisy records and the more clearly defined peaks render latency determinations in Chb responses easier and more reliable. As a latency delay is a more specific sign of slow conduction in demyelinated nerve fibres than absence of response, the checkerboard pattern reversal used in this study is a more suitable method for diagnosis of multiple sclerosis, especially in cases with a low visual acuity.
The proportion of delayed or absent responses to Chb stimulus seen in multiple sclerosis patients is in good agreement with previous studies using similar stimulators. Thus, among others, Asselman et al. (1975) found a total incidence of 69%, and 84% among definite cases, and Matthews et al. (1977) reported an overall frequency of 68%, and 75% in the definite category. Halliday et al. (1973) and Chain et al. (1977) have found still higher proportions of abnormal responses. Similar rates of pathological response have been found when the checkerboard pattern was presented on a television screen (Hennerici et al., 1977) : 81% in definite cases and 61% in all patients with multiple sclerosis.
In the subgroup of cases with possible multiple sclerosis according to the definition by McAlpine et al. (1972) , a lower rate of abnormal response to Chb stimulation has been found. The present value of 30% is similar to frequencies reported by Asselman et al. (1975) , Matthews et al. (1977) , and Hennerici et al. (1977) . Also in this type of patient Halliday et al. (1973) and Chain et al. (1977) described more frequent abnormal responses.
The lower incidence of abnormal VER recordings in the possible multiple sclerosis cases may be due to a low frequency of patients that really do have multiple sclerosis, or to the fact that a demyelination of visual pathways is less common among these patients in comparison with more advanced cases. Another explanation may be that the technique of Chb pattern reversal is not sensitive enough. As the diagnostic value is greatest in this patient category (Hennerici et al., 1977; Matthews et al., 1977) , this aspect calls for further refinement of the VER method. New variations in stimulus technique should be compared with results obtained with conventional Chb stimulus in the same patients. In this study a considerably higher incidence of abnormal responses was found when the LED stimulus was used, even if the observed delays were small. This distinction may be due to some difference in the physical properties of the two patterns (see Table 1 ). For instance, the smaller total field in the LED display restricts the stimulus to the fovea and the immediate parafoveal parts of the retina. Central scotomas are common in multiple sclerosis, which suggests that nerve fibres coming from this area are more easily damaged by a sclerotic plaque than peripheral fibres. This implies that a normal response from the more peripheral area can hide a delayed foveal -parafoveal response. This explanation for the higher sensitivity of the LED pattern is supported by studies by Hennerici et al. (1977) who compared conventional Chb pattern reversal of 200 field size with responses to the appearance of a small white square subtending 45' in the centre of the screen. They found that the latter stimulus technique increased the diagnostic yield of the VER method especially in the possible multiple sclerosis category, where the incidence of abnormal responses increased from 43% to 78%, which corresponds to the increase in sensitivity found in this study when LED stimulation was compared to Chb stimulation (from 30% to 70% pathological responses).
Animal studies have shown that information about colour and luminance are transmitted along 503 separate channels and that the optic nerve fibres involved are of different sizes (Gouras, 1968) . Certain components in the flash VER show longer latencies when red light is compared to green or yellow light (Ciganek and Ingvar, 1969) . The defect in colour vision often observed as a sequela to attacks of retrobulbar neuritis even when full visual acuity is regained suggests that the colour channel fibres are more susceptible to demyelination than fibres responding to luminance changes. The red colour of the light-emitting diodes might be of importance in this context. It was recently shown in a study of flash-elicited VER that the delay seen in multiple sclerosis patients was more pronounced with red flash than with white or blue flash (Paty et al., 1976) . There is thus clinical as well as neurophysiological support for the concept that colour channels are easily damaged, and this may be the reason for the increased percentage of abnormal responses revealed by a chromatic pattern reversal in cases with early and slight symptoms. McInnes (1977) has also described differences in responses when a black and white checkerboard was compared with a red and white checkerboard pattern, although the differences were more a change in potential shape than a latency prolongation.
Although it is usually easier to get reliable VER with a well-developed positive peak when a reversal of a checkerboard pattern of high luminance is used, it seems as if some properties of the black and red pattern produced by the matrix of low-luminance light-emitting diodes make it more suitable for disclosing evidence of a disturbed impulse transmission in some cases with a minor damage to the visual system. Further studies are necessary to elucidate the factors responsible for this sensitising effect. 
